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ABSTRACT /b‘/:

The substitution of a homogeneous, semi-infinite dielectric
for a finite plasma slab is studied as a means of simplifying the
analyses of the impedance of an aperture antenna radiating into an
inhomogeneous plasma medium, Such a substitution could be made
if the reflection coefficients of the equivalent medium, as a function
of angle of incidence, corresponded to the reflection coefficients of
the plasma slab, The dielectric constant of the equivalent medium
is found by matching reflection coefficients at some particular angle
of incidence (usually 0°). The range of angular correspondence is
narrow (less than 5°) for cases in which the dielectric constant dips
to near or below zero, In other cases fairly wide ranges of equivalence
occur,
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THE SUBSTITUTION OF A SEMI-INFINITE,
HOMOGENEOUS DIELECTRIC MEDIUM FOR A PLASMA SLAB

INTRODUCTION

It is generally quite difficult to determine the impedance of an
aperture antenna in the presence of an inhomogeneous layered plasma
medium, One of the major difficulties is treating the inhomogeneous
plasma itself, The problem would be greatly simplified if the in-
homogeneous plasma could be approximated by some homogeneous,
semi-infinite dielectric, The problem of an aperture antenna radiating
into a semi-infinite, homogeneous medium is much easier to solve,
For example, the case of an open-ended rectangular waveguide in
which the interface of the semi-infinite medium is coincident with the
guide aperture has been analyzed,

The purpose of this report is to describe a manner in which the
homogeneous, semi-infinite dielectric can be substituted for the in-
homogeneous plasma. If the plane wave reflection coefficients of the
homogeneous half-space are equivalent, as a function of the incidence
angle, to the reflection coefficients of the original inhomogeneous
plasma, the homogeneous dielectric can be substituted over the range
of equivalence. The validity of this approximation may be determined
by first calculating the plane wave reflection coefficients as a function
of angle of incidence for the inhomogeneous plasma layer, Then at
some arbitrary incidence angle (usually 0°) the reflection coefficient
is matched to that of a homogeneous dielectric medium with the
appropriate dielectric constant,

Once the value of the dielectric constant of the semi-infinite
medium has been determined so that the reflection coefficients of the
two media match for that incidence, the reflection coefficients are
calculated for the homogeneous medium, For cases in which these
reflection coefficients approximate well those of the inhomogeneous
plasma, the homogeneous medium may be substituted for the plasma.

It is anticipated that the semi-infinite dielectric can be so chosen
that reflection coefficients will coincide over a wide enough angular range
to be of practical use, This would be useful for an antenna aperture
somewhat removed from the face of the plasma layer. Such conditions
exist during the re-entry of a space vehicle into the atmosphere, The
gap between the antenna aperture and the plasma sheath is often on the
order of a wavelength,



DIELECTRIC SLABS

To initially calculate the plane wave reflection coefficients of
inhomogeneous media, computer programs were written for both
parallel and perpendicular polarizations. The calculations were based
on a technique by Richmond? where the fields are computed at intervals
in the medium by a recursion process, Then the reflection coefficients
are found from the computed fields, The programs are shown in
Appendix A, Figs, 32 and 33,

Use of these programs revealed several limitations, Care must
be taken to keep the distance between points of calculation as small as
possible for the recursion technique to be effective, Also variation in
the dielectric constant from point to point must not be too great, When
the variations in the dielectric constant are large the program calculates
transmission coefficients greater than unity, The programs are in-
effective for cases in which the relative dielectric constants, ¢, are
equal to zero or varied near zero, The formulation is also inaccurate
for negative dielectric constants,

3
As a result another program based on a new technique by Richmond

was written, This program is based on the exact field solutions for a
layered medium, Recursion techniques are used to solve for the exact
fields and the reflection coefficients, Both cases, parallel and perpen-
dicular polarization, are handled simultaneously, Two versions of this
program were written, In one version calculations are made directly
from dielectric constants which are read in for each layer, In a

second version electron density and collision frequency profiles are
introduced and the resultant complex dielectric constant is calculated
and then used, The new programs are accurate in all regions, including
the regions in which the original programs were limited., In Figs, 34
and 35 (Appendix A) the statement listings are given for both versions of
the program, The results presented in this report were calculated by the
new programs,

The equations for plane wave reflection from a semi-infinite
medium are used to determine the properties of the equivalent medium,
The dielectric constant of the equivalent semi-infinite medium is de-
termined by matching its reflection coefficient with that of the original
medium for some particular angle of incidence (usually 0°). Then the
reflection coefficients of the two media are compared as a function of
the incidence angle, If the two coefficients agree over a sufficiently
wide range of incidence, the equivalent semi-infinite medium may be
substituted for the original medium, The range of agreement rnay not
have to be more than 20°-30° because of the corresponding pattern of

—————-—-——“---



the antenna whose impedance is to be determined,

The equations for plane wave reflection from a semi-infinite
medium are given by

cos 9 - Jir - sin%0

(1) R = {perpendicular polarization)

2
cos O +Je - s5in ©

r

and

. 2
R = - Ercose-‘ler—s1n9
€, cos O +‘}er-sin29

where € is the relative dielectric constant and 8 is the angle of in-~

cidence,

(parallel polarization),

(2)

To demonstrate the validity of the equivalent medium technique
several dielectric constant distributions were analyzed, In Figs. 1-5
comparisons are given of the reflections from dielectric slabs with
uniform dielectric constants with those of the equivalent media. In
each case the polarization of the electric field is perpendicular to the
plane of incidence. The angle at which the reflection coefficients of
the slab and equivalent medium are matched is 0° in each case, The
slabs are of constant thickness, with kd = 2,0,

The dielectric constant for Fig, 1 is € = -0, 2, with reflection
ranging from 0, 77 to 1, 0, The equivalent medium has a low dielectric
constant of 0.01716 and hence matches only near 0° because the critical
angle of total internal reflection is reached almost immediately. The
critical angle of the equivalent medium occurs for sin 6, = J€¢ and is
equal to 7, 52° in Fig, 1.

Figure 2 is similar, with the dielectric constant of the uniform
slabas ¢ = 0.1. The value of the dielectric constant for the equivalent
medium is 0,059 for which the critical angle of the equivalent medium
occurs at 14, 06°, Again the equivalent medium reflection coefficients
correspond to those of the slab only in the neighborhood of 0°, Figure 3
is a plot with a slab dielectric constant of € =0,2. The dielectric
constant of the equivalent medium is 0, 088 and the critical angle occurs
at 17, 25°, The equivalent medium reflection coefficients correspond to
those of the slab for about 10°,
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Fig. 1. Reflection vs incidence angle,

In Fig, 4 the uniform dielectric constant of the slab is € = 0, 5.
The value of the dielectric for the equivalent medium is ¢ = 0. 265 and
the critical angle is 31°. The reflection coefficients of the slab and
equivalent medium agree for about a 0°-20° range. In Fig., 5 the
dielectric constant of the slab is ¢ = 0. 8 and that of the equivalent
medium is ¢ = 0, 64, In this case the dielectric constant of the
equivalent medium is near that of the slab and the critical angle does
not occur until 8, = 53, 13°, The respective reflection coefficients
correspond closely over a range of 0°-40°, In Figs, 1-5 it is seen
that as the value of the dielectric constant of the equivalent medium
increases and the critical angle becomes greater, there is a greater
range of reflection coefficient correspondence and the equivalent
medium concept becomes more meaningful.

Figures 6-10 contain data for slabs of uniform dielectric constant

with an incident plane wave E-field polarization parallel to the plane of
incidence. The thicknesses of the slabs are again constant, with kd =
2.0, In Fig, 6 the dielectric constant of the slab is negative with

€ = -0,2., The reflection coefficients for this negative medium dem-
onstrate no Brewster angle as might be expected for parallel polari-
zation. The dielectric constant of the equivalent medium and the
critical angle are the same as for the perpendicular case with

4




withe =0,01716 and 8, = 7,52°. The respective reflection coefficients

match only at 0°,
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Fig. 2. Reflection vs incidence angle.

For Fig, 7 the slab dielectric constant is € =0, 1 and that of
The critical angle is 14, 06° and

the equivalent medium is € =0,059,
The reflection

reflection coefficients correspond to near that point,
coefficient of the slab rapidly approaches unity after passing through

the Brewster angle of zero reflection, In Fig., 8 the dielectric
constants of the slab and equivalent medium are, respectively, ¢ = 0.2
and € =0,088. The critical angle is 17.25° and the reflection coeffi-
cients correspond over a range greater than 0°-10°., In Fig. 9 the
dielectric constant of the slabis ¢ = 0.5 and that of the equivalent
medium is € = 0, 265, The critical angle is 31° and there is excellent
correspondence of reflection coefficients to that point, For Fig. 10 the
respective dielectric constants are for the uniform slabe = 0,8, and
for the equivalent medium € =0, 64, The critical angle occurs at

8. = 53.13° and the reflection coefficients correspond over a 40° range,
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For either parallel or perpendicular polarizations, the critical
angle becomes greater with increasing dielectric constant of the slab,
For slabs with a low dielectric constant, suchase = -0,20re =0,1,
the critical angle is reached immediately as the angle of incidence

The equivalent medium concept is more

varies from the normal.
useful where the dielectric constants are greater, and that of the

equivalent medium is more nearly equal to that of the slab,

Thus far only the magnitudes of the reflection coefficients have
The phase of the reflection coefficients of the uniform

been considered,
dielectric slab and the equivalent medium will be compared for two cases
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where the magnitudes correspond over a wide range. The two cases
are for slabs of dielectric constante =0,5and € =0,8.

Figure 11 represents a slab dielectric constant of ¢ = 0,5 and
perpendicular polarization, Itis seen that the relative phase angles
of the reflection coefficients of the uniform slab and equivalent medium
are very close for a range of approximately 30°. This correspondence
of relative phase angles covers about the same range as the magnitude
correspondence shown in Fig. 4. Figure 12 represents a uniform slab
of € = 0.5 and parallel polarization. The relative phase angles of the
reflection coefficients of the slab and equivalent medium are in agree-
ment for a range of over 20°. This agrees with the reflection coefficient
magnitude correspondence of Fig. 9.

Figures 13 and 14 show reflection coefficient phase angles for'a
uniform dielectric slab of ¢ =0, 8 for perpendicular and parallel polari-
zations, respectively, In bothcases the phase angle of the equivalent
medium reflection coefficient is nearly equal to that of the slab for
approximately 40°, As seen in Figs. 5 and 10 the magnitudes of the
reflection coefficients agree over a similar range, Figures 11-14
demonstrate that where there is good correspondence in the reflection
coefficient magnitudes of the slab and equivalent medium, the relative
phase angles also agree,




Figures 15-19 give the reflection coefficient as a function of
slab thickness for the dielectric slabs already discussed. The only
case considered was that of parallel polarization, The reflection
coefficients were analyzed for two angles of incidence, 6 = 0° and
8 = 30°. The dielectric constants of the slabs are, respectively,
e=-0,2, 0.1, 0,2, 0.5, and 0.8. As expected the reflection coeffi-
cients increase with increasing layer thickness, Also the reflection
coefficients generally decrease with increasing dielectric constant,

10
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ELECTRON DENSITY PROFILES

Having examined the equivalent semi-infinite medium technique
for slabs of finite thickness and uniform dielectric constant, a varying
electron density profile was studied. The electron density profile is
that considered by Swift* as shown in Fig. 20 along with the associated
collision frequency profile. The complex dielectric constants for
each frequency are shown in Table 1. Data from the profile of Fig. 20
were sampled every 0. 1 cm and the frequency was varied from 0. 5 to
20.0 GHz. Figures 21 through 25 represent perpendicular or TE
polarization and Figs. 26 through 30 represent parallel or TM polari-
zation,

TABLE 1
Complex Dielectric Constant
for Various Frequencies

O
Layer 0.5 GHz 3.0 GHz 8. 0 GHz 12, 0 GHz 20.0 GHz
1 -31.1-j1.53  |0.106-j. 0071 | 0.874-j.0003 | 0.944-j. 0001 0. 979-j. 00002
2 ~95, 3-j4.-59 ~1.68-j. 021 0. 622-j.0011 0. 832-j. 0003 0, 939-j, 00007
3 -127.4-36. 13 -2.57-j.028 0.447-j,0015 0. 776-j, 0005 0.919-5. 00009
4 -143, 5-j6. 89 -3.02-j. 032 0.434-j. 0016 0. 748-j, 0003 0. 909-j. 0001
5 -111, 3-j5, 36 -2.12-j. 024 0.559-j.0013 0. 804-j. 0003 6. 929-j. 00008
6 -63, 2-j3.06 ~0.787-j. 014 | 0, 748-j. 0007 0, 888-j. 0002 0, 959-j. 00004
7 -31,1-51,53 0. 106-j. 007 0.874-j. 0003 0. 944-3, 0001 0.979-j. 00002
8 -15, 05-j0. 766 |0.533-j, 003 | 0. 937-j. 0001 0.972-j. 00005 | 0.989-j. 00001
9 -7.02-j0. 383 0.776-j. 0017 0. 968-j. 00009 0. 986-j. 00002 0. 994-j. 000006
10 -2,21-j0, 153 0.91-j. 0007 0.987-j. 00003 0. 994-j, 00001 0.997-j. 000002

Figure 21 shows the reflection as a function of incidence angle
at a frequency of 0. 5 GHz, The equivalent medium has a dielectric
constant of € = 0.000642 and the critical angle is 0. 48°, In this case
of very high reflection by the plasma profile the calculated dielectric
constants are indeed negative and rapidly varying (see Table I) and the
equivalent medium concept is valid only at 0°.

For Fig. 22 the frequency of operation is 3.0 GHz and the

computed dielectric profile (shown in Table I) only goes partly
negative, The equivalent medium has a dielectric constant of

23




€ =0,110 and the critical angle is 19.33°, The two reflection coeffi-
cient magnitudes correspond for about 10°.

Figure 23 applies for a frequency of 8.0 GHz at which the
calculated permittivity is positive and slowly varying throughout the
thickness of the plasma slab, The equivalent medium has a dielectric
constant of ¢ = 0,475 and a critical angle of 43, 62°, The magnitudes
of the reflection coefficients compare favorably for approximately 30°,
The equivalent medium concept becomes more useful as frequency
increases,

The frequency for Fig, 24 is 12,0 GHz for which the dielectric
constant of the equivalent medium is € = 0, 6708 and the critical angle
is 55, 58°, The computed permittivity of the plasma slab is positive
and varies much less than at lower frequencies. The reflection
coefficients of the equivalent medium match those of the plasma slab

for a range of 40°,

Figure 25 represents the electron density profile at a frequency
of 20,0 GHz; and the calculated dielectric constants of the plasma
profile vary only very slightly, The equivalent medium has a dielectric
constant, € = 0, 8832 and the critical angle is 70, 07°. The reflection
coefficients of the two media closely correspond for 60°.

Figures 26-30 represent the same frequencies as Figs, 21-25,
with the polarization being TM or parallel, The equivalent media and
critical angles are the same for frequencies of 0.5, 3.0, 8,0, 12.0,
and 20, 0 GHz., As in the case of TE or perpendicular polarization
the reflection coefficients of the equivalent media and the plasma
profile match over wider ranges with increasing frequency. The
range of reflection coefficient matching varies from a single point
(0°) at a frequency of 0.5 GHz to a 0°-60° coincidence for a
frequency of 20,0 GHz, The variation in the calculated permittivities
range from a rapidly varying negative profile at 0. 5 GHz to a very
slowly varying positive profile at 20. 0 GHz,

Figure 31 shows the variation of reflection coefficient, R, with
frequency for the case of TE or perpendicular polarization and for
three different angles of incidence. The greater reflections (almost
total) occur at the lower frequencies and gradually decrease to almost
zero with increasing frequency,

24
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CONCLUSIONS

The substitution of an equivalent semi-infinite, homogeneous
dielectric medium for an inhomogeneous, finite plasma layer is
studied, Comparison of the reflection coefficients as a function of
angle of incidence for various media and their equivalent media
shows that in most cases there is a range in which the reflection
coefficients are approximately equal, It is in this range of agree-
ment that the substitution of the equivalent medium may be effected;
the necessary range depends on the particular antenna whose properties

are being studied,

The range of equivalence was determined for uniform dielectric
slabs of various dielectric constant values and for an inhomogeneous
plasma layer at various frequencies, The useful range of equivalence
was found to be very narrow (less than 5°) for cases in which the
dielectric constant dips to near or below zero, In other cases fairly
wide ranges of equivalence occur,
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APPENDIX A

Figures 32 through 35 give the statement listings of the
programs used to calculate reflection coefficients and equivalent
media, Figure 32 is the old program for TE polarization. Figure
33 is the old program for TM polarization, Figure 34 is the new
program version that uses dielectric constant values as input data.
Figure 35 is the new program version that uses the electron density
profile as input data.
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SOURCE LANGUAGE STATEMENTS

1 COMPLEX (RRyTRM)-

2 CIMENSION (E(16))-

3 F T2 (7F10.5) -

4 F 13 (15,4F15.8) -

5 S7 READ INPUT T3, (NyH,TH)-

6 H2=HaH-

7 READ INPUT T2, ((E(I)sE=1y1y1eLESN))-
8 M=90./TH-

9 TH=.01745329# TH—

10 THETA=0-

11 0O THROUGH (S$S31)yJd=lelydelEoeM-
12 S=SIN.(THETA)®SINJ(THETA) -

13 C=COS.(THETA)-

14 R1=1.-

15 S1=0.-

le I=1-

17 WRITL OUTPUT ,T3,(1,R1,S1,RY)-
18 A=E(1)-S-

19 R2=1.-H2#A/2-H2#(E(2)-E(1))/6.-
20 S2=HaC-H2#HsAsL/6-

21 EMAG=SURT.(R2#R2+452%52)~

22 1=2-

23 WRITE QUTPUT ,T3,(14R2,52,EMAG) -
24 CO THRUUGH (525191524191 LELN-
25 Ii=1+1-

26 A=E(1)-5-

27 R=2.-h2%A-

28 R3=FeR/-K]l~-

Fig., 32. TE polarizations,
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29

306

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

$70

525

528

530

S$31

$32

S3=Re52-51-

EMAG=SGRT.{R3%R 5+53853) -

WRITE DUTPUT oT39(119R3,53,EMAG)—

TRANSETR 19 (532,5254526) PROVIDED (N-1)-
R1=R2- |
S1=52-
R2=R 3~ , .
52=53-
DRR=SQRT.(E(N))eHOCo2.8R2-S3+5]1—
DRI=SURT.(C(N) ) sHeC#2.8S2¢K 3-R1—
DOR=SURT (L (N))sHeCe2 . 0R2+55-S1—
DCI=SGWRT.(c(N))eHeCe2.8S2-R3+R1 -
KR=(DRR¢.[.DR1)/(DDR*41.001 )~
RMAG=.ABlS.(RR)—
ANDM=FATANZ o (CRR o DR )=
ANDL=FATAN. « (CUR,CD1)-

ANG=ANDN-ANDE~-

ANG=ANG®57. 25578~
TRM=(4.®teC )/ (DDR¢o 1.001) -
TRMAG= A5 {TRM) -

ThL=57.29578¢ THETA-

WRITE OUTPUT T2 (RMAG yANG o THD , TRMAG) -
fHCTA=THEIA+TH—

CALL SUBRNUTINE (1=ENCJUR. ()-

ENC PROGRAM (S5T7)-

Fig. 32(cont.)
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SOURLE
1
2

3

10
11
12
13
14
15

lé

17

LANGUAGE STATEMENTS

Sl

T2

T3

S7

START

IN1

6O

COMPLEX (HL1yH2yH3,F1 o F29F3,RRyTRyA4ByCCyEL40))~
CUMPLEX (RRT)-
COMPLEX (CLSQRTL. )} -
(TF10.5) -
(I15,6F10.0) =
READ INPUT 3 T34(NyZyTh)-
REAU INPUT L INLl, (NUMCAS)-
(12 -
12=1%/~
M=90/TH-
TH=.01745329%TH~
NUMCAS=NUMCAS-1-
REAC INPUT 4 T2,((E(I)s1=1,1y]leLEN))-
THETA=0-
CO THROUGH (S31)sL=1919L.LE.M-
S=SINJTHETA)#SINJ(THETA) -
C=COS (THETA)~
Hl=1.-
Fl=C-
1=1-
WRITE OQUTPUT ,T3,(1,H1,F1)~
El=.IMAG.(c(1l))~
ER=REAL o(LE(L1))=
EER=.REALLIE(2))-
WRITE OUTPUT 4 T2, (ERJEL,EER) -
F2=C+leSep [/ (ER®ER)-22/22(ER=-S)wC+, 1. (2a{)1-S/ER+Z/2¢E1e(~1./6.
el2e{ER-S)*(ER-S}/ER) )~
H2=1-[%" 18 ~22/2%(ER-S)+. 1. (7¢(FReC+2aE1/2-1./6.812¢ER®(ER-S)8C))~

H2A= JABS L (rH2)~

Fig. 33. TM polarizations.
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Ll

29
30
31
32
33
34
35

36

38
39
40
41
42
43
“4
45
46
47
48
49
50
51
52
53
54
55
56

57

521

F2A=,ARS. (F2)-
RR=(H2e(-F2)/(H28(C+F2)~
RRAMAG=.ABS. [RR) -
TR=2/(H2+F2/C)~
TRMAG=.ABS. (TR}~

1=2-

WRITE DUTPUT 273,11 ,H2A,F2A,RRMAG,TRMAG) -

WRITE OUTPUT: 4 T2y (RR,TR)~-
WRITE OUTPUT T24(H2,F2)~
CO THROUGH (S25)s1=241sleLEN-
11=1¢1~-
CC=E(I)-E(I-1)~
K=100-
PROVIDED (1.E.2)4K=99~
CO THROUGH (SZ21)ed=lylsdellK-
EE=E{I-1)+JeCC/100.-
A=EE-5-
B8=2.-12%A-
F3=BaF2-Fle.l.(l2CCe58H2/(100«EE*EE) )~
H3=ReH2-Hl+.1.(Z#CC*F2/1C0.)~
Fl=F2-
F2=F3-
Hl=H2-
HZ2=H3-
KR=(H3eC-F ) /(H3e(eF3)~
TR=Z&C/(H3eC+F3)-
F3A=.ABS.IF3)-
H3A=,AES . (H3) -

RRMAG=.ABS, (RR) -

Fig. 33(cont.)
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
T2
73

T4

s27

528

529
$30

$25
$31

S32

$33

CRRT=(H38C-.1+ (CSQRTL.(E(TI))®F3))/(H3eC+. 1. (CSGRTL.(E(L1))eF3))~

TRMAG=,ABS. (TR}~
THD=57.29578+THETA~-

TRANSFER TO (527,5289529) PROVIDED (.REAL.(E(])))-

TRANSFER. TO (530)-
RRT=1.-

TRANSFER TO (S30})-
RRT=(H3eC~CSQRTLL{E(1))eF3)/(H3aC+CSQRTL.(E(I))eF3)~
RRTM=,ABS. (RRT)~

WRITE NUTPUT 4T3,(11yH3AF3A4RRMAG,TRMAG,THD )~

WRITE OUTPUT ,T2,(RRyTRyRRT,THD) -

WRITE QUTPUT .TZylHS'F3)—

WRITE OQUTPUT ,T2,{RRTM)-

THETA=THETA+TH-

PROVIDED (NUMCAS.G.O)y TRANSFER (GO)-

CALL SUBROUTINE ()=ENDJCB.{)-

END PROGRAM (S57)-

Fig. 33(cont,)

42




1 ' COMPLEX (CSQRTL . ;CEXPL O ECGaAF AR e ;AMGLF Y Y11 EXPL,
EXPLIIGAEP AMP, FXD  RELRMFP,FM,TE, TM) -

2 COMPLEX [UC(1u0),ZCL100),6(10C) )~

3 COMPLEX (AM)-

4 COMPLEX (>5QR)-

s COMPLEX (Aer.Anv.acr.ant.Exps)-

6 COMPLEX (FT)-

7 | COMPLEX (RQTE RUTM)—

s CIMENSION (Z(100))-

9  FIRST READ INPUT B, (KKK,N)—

10 READ INPUT 47,(D,TH)~

11 DR=57.295779-

12 DO THRIUGH (S10)s1=1,1s0.LE.N-

13 slo uCtil=1.-

14 NN=N+1-

15 ECINN)=1.-

16 UCINN)=1.-

17 TPI=6.2831853-

18 Cl=ololae-

19 M=90/ TH~

20 . . Zt0)=.0~

21 B0 THROUGH (5S30),1=1s1slsLELN-

22 : li=1-1-

23  s30 I(iy=2011)+0- } | \
24 DN THROUGH (S100)¢K=1,1,KeLE KKK~

25 REAL INPUT .1.((e;iil.t=1.1.x.LE.~))-
26 THE TA=0— '

27 WRITZ DUTPUT P4y (L1201 st ClldsI=belslation)-
28 F F4 (16Y:13,5XsF15.H,10X,2E15.7) -

Fig. 34. New program. Dielectric constant version.
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

57

540

Fb

Fo6

CO THRIUu (L9231 ed=lsledebt o=
THET=0.01745329eTHETA-

SS=SIN{ THET)#SIM {THET) -
CC=CNS{THET)~

LN THRIUGH (Saulsll=1,1, 11 LEJN-
GLII)=CSURTL.ISS-ECLIT))-

6GZ=Cle(CC-

GINN)=Cl=CC-

AET=.b-(l.fUC(l)!Gl/G(l?)-
BET=.5#(1.-UC(1)eG2/G(1))~—
AMT=.o%( 1. +ECLL)®52/06{1))-
AMT=.58{]l.-EC(1)eG2/(1))-

WRITC JUTPUT ,F5, (THETA)-
(/7730%,61THETA=,F15.8//6H LAYERy9XySHGAMMA 22X 4 2HAE, 20X,

2HBE , 20Xy 2HAM, 20X, 2HBM/ ) ~

Jl=1-

WRITE OQUTPUT ,F63(JLls5(1) yAETRET,,AMT,AMT) -
(1Xy[3,2014e6,F011.3) -

GG THROIUGHE (550),11=2,1,11.LE.N-

I=11-1~

F=UCLiD)eGUL)Y/Z7(UCH{T)=Gi(IT)) -

YI=G(1)e2 ()=

YIT=5(11)el(1)-

FP=l,4F-

FM=1.-F-

i XP1=CEXPLLLYL)-

EXPII=C"XPLa{YET)-

ALP=AY T-

At At T-

A T=on/orvllea(\npPelaprlerer Tef v/0XPL) -

Fig, 34(cont,)
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58
59

60

61
62
63
64
65
66
67

68

69

10
71
72
73
74
15
76
77
78

79

81
82
83
s
85

86

MET=U.50 AP I In{AEP 2L XPleFMerLToFP/EX] )~

EXP3=CEXPL.(CleLCo2(1))~

FP=1.4GL1)/7(CleCC)~

FMa1.-GU1)/(CleCC)~

AE=.S5/EXP3a(ALTeEXP IeFP+RETFM/EXPL )~

REZ0.5EXP3e (AETEXPIoFMeRETeFP/EXP]) -

F=ECtL11)aGUI)/UEC(I)aG(I]))~

FP=1,4F-

FM=1.-F-

AMT={.5/EXP11)a(AMP*EXPIeFP+BMToFM/EXPT ) -

RMT=.5¢EXPI 1o (AMPEXP I #FMeBMTeFP/TXPI) -

FT=G(1)/(EC(I)eClieCC)-

FP=1.+FT-

FM=1.-FT-

AM= . 5/EXP3e (AMT®EXP [FP+RMTeFM/EXPL) -

AM= . 5eEXP3e (AMT®EXPIeFM*BMTFP/EXPI) -
WRITE NUTPUT oFool11+GUIT)AE,BE,AMohM)~

TE=1./AE~

TM=1./AM~

ARG=2.8CCeZ(N}-
EXP=COS. (ARG)=. I . SIN. (ARG) -

RE=EXPeBE/AC~

RM=EXP SR M/AM=

TEM=,ABS . TE-

TMM=,ABS . TM-

REM=.ARS (RE~

RMM =, ARS .RM=

F1POCa-URSFATANZ. (. IMAG.TF,.REAL.TE) -

FIPOM=—DReFATANZ . (. IMAG.TMy . REAL.TM) -
Fig. 34(cont,)
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87
88
89
90
91
92
93
9%
95
96
97
98
99
100
101
102
103
104
105

106

107
108
109
110
111
112
113
114

115

F Fl1

F F7

F F8

F F9

$50

F F10

F Fl2

SX

F F13

S99

PREZDR®FATANZ « (o IMAGWRE g o REALORE ) =

PRM=DR'VATAN?. ( . lMAG.RM'.RF\LDRM)-

WRITE JUTPUT ,Fll-

(/7/7/722Xy IHMAGNITUDE g 14Xy SHPHASE g 15Xy 4HREAL 916Xy 4HIMAG/)

WRITE JUTPUT 4FT,(REMPRE,RE)-

(1Xy13MTE REFLECTIONG6X,2(F1548,5X)32(015.7,5X))~-

WRITL DUTPUT ZFR,{TCM,FIPDM,TM)-

(L1Xy LSHTE TRANSMISSION j4X42({F15.895X),,2(C15.745X)) -

WRITE DUTPUT 4F9y (RMM,PRM,,RM) -~

{1X,13HTM RCFLECTINN,6X,2(F15

-8'5X)'2([15o7|SX))’

WRITE OUTPUT ,FLlOy (TMM,FIPGM, M) -

{1Xy15HTM TRANSMISSION ;4X2(F19.893X)42(E15745X)) -

PROVIDED (THETALGsUes)y TRANSFER {SX)-

EQTE=((Le=REM)/{1.+REM]).P.2-

EQTM=((1.—&MM)/(1.*RMM)).P.Z"

OUTE=-PRE/T2C .-
UDEL=PRM/ JAB5 . (PRM) -

HUTM= (PRM=-DTL®180.)/720.~

WRITE TUTPUT HFL12,(EQTUyDWTE yL(TM,DQTM)-

{ /50X LTHEQUIVALENT MFUIUM/5XpbHSQTE=,Fl§.8.5X;5HUQTE='
F15.8'5X.5HﬁQTM=prlb.3.bX. SHU(‘;TM='F15a 8)

SQR=CSGRTL.(BQTL-5S)-
RETES(CC-SWR) /{CC+SuKk)-
PLTE=-T20.eDCTCwCC~
SUR=CSLURTLS(FUTM=5S5)—

PUTM=T20 ., 20 TrelC+DEL®180.-

KCTM= (T CC-SGRI/ZLILTHeC 590 )~

Wl Te JUTPUT P, (RQTE P T gy TM, PRTM) -

(IR RANCY TR N BEIATES TR SN G ST T WS I

THE T A=10  TA+T -

Fig, 34(cont.)
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. SOURCE LANGUAGE STATEMENTS
1 COMPLEX (CSQRTL.yCEXPI o uCI FL.GeAE+ABIBEBM,GLFeVYl,Y11,
' EXPE+EXPI1,AEP JAMP ,EXPoRE2RM,FP,FM, TE, TH) -
2 COMPLEX {(UC(100),ECI100),G6(100))~
' 3 COMPLEX (AM)-
4 COMPLEX (SQR)-
' S COMPLEX (RQTERQTM)- ‘
6 COMPLEX (ARGG)-
' T DIMENSION (FNE(100),FNU{100),2(100}))-
8 FIRST READ INPUT ,8, (KKK,N)~
' 9 READ INPUT ,T79(DyTH)-
10 READ INPUT L6, (IFNE(I)oI=141,1.LE.N))-
l 11 READ INPUT 6 ({FNUlI)sl=)y1,1LELN))~
12 DR=57.295779-
' 13 WRITE QUTPUT ,Fl-
' 14 WRITE OUTPUT ¢F2, ((LIFNE(I)oFNULI) oI=19lel.LE.N))~
15 F F1l (77/740X,24HELECTRON DENSITY PROF ILE//32X,SHLAYER,TX,
. THOENSITY, 10X, 9HCOLLISION/)
. 16 F F2 (33Xe13,4X,E15.7,4XEL5.7) -
17 DO THROUGH (S10)eI=1lelsleLEN-
' 18 S10 ucil)=le~-
19 NN=N+1-
. 20 TPI=6.2831853~
21 Ci=olel.-
' 22 ECINN) =1 .-
‘ 23 UCINN)=1.-
' 24 M=90/TH-
25 2(0)=,0-
' 26 DO THROUGH (S100),K=1,14KeLE.KKK-
. 27 READ INPUT ,T,(FGC)-
28 WAVE=30./FGC-
. Fig. 35, New program. Electron density profile version.
|
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29
30
31
32
33
34
35
36
37
38
39
40
41
42

43

44
45
46
47
48
49
50
51
52
53
54
55
56

57

DO THROUGH (S30),1=1,1, 1oLEN=
11=1-1-
$30 Z(1)=2(11)+DeTP1/WAVE-
DO THROUGH ($25),1=1s1sFaLEuN-
FPL=8.97#SQRT. (FNE(T))810.P. 3~
X=FNU(T) /{TPI=FPL)-
Y=FGC/FPL®#10.P.9-
DEN=X#X+YaY~
ECII)31a=14/CEN=ol. (X/{Y®DEN) )=
WRITE DUTPUT 41, (XY oDEN,FPL)~-
$25 CONTINUE - |
THET A=0-
WRITE OUTPUT ,F3, (FGC,WAVE)-
WRITE OUTPUT oFa, ((19Z01)4EC(I)sI=1,1,1.LELN))-

F F3 {//730Xy10HFREQUENCY=,F15.8y3HGL .y 7TXs11HWAVELENGTH=,
F15.893HCM.//5X s SHLAYERy 20Xy 2HKZ 926X L2HPERMITTIVITY/)

F F&4 (16X 1345XyF15.8,10X,2E15.7) =~

DO THROUGH ({S99)4J=1ylyJelLEM-
THET=0.01745329+THETA-
SS=SINL(THET)#SIN.(THET)-
CC=COS.(THET)-

00 THROUGH (S40),11=1,1,11.LE.N-
ARGG=SS-EC(II)-
G(I1)=CSQRTL.(ARGG)~-

S$40 WRITE OQUTPUY 41,y (THET,SSsCC,G(II),EC(II))~

GZ=CleCC-

GI(NN)=CI=CC~
AE=.5#(1.4UC(1)eGZ/G(1) )~
BE=.5#(1.-UC(1)eGZ/G(1))-

AM=.S52(1.+EC(1)=G2/G(1))-

Fig, 35(cont.)
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58
59
60
61
62
63
64
65
66
67

68

69

70
13
72
73
14
75
76
17
78
19
80
81
82
83
84
85

86

F

FS

Fé6

S50

BM=.5e(1.-EC(1)12GZ/G(1))~
WRITE OUTPUT 4F5,(THETA)-
(/7/30X6HTHETA=,F15.87/6HLAYER, 9X , 5HGAMMA .
J1el- 22X 2HAE 420X s 2HBE ¢ 20X  2HAM 20Xy 2HBM/ )}
WRITE OUTPUT oF6y (J1,GU1) oAE \BE o AM,BM) -
(1Xs13,2614.6,8E11.3) -

DO THROUGH (S50)411=2y1s11oLEcNN-
I=11-1- ' '
F=UC(ID)eG(I)/Z(UCII)eG{TT))-
YI=G(l)eZ(I)-

YIl=G(Il)eZ(I)-

FP=1.eF-

FM=]1.-F-

EXPI=CEXPL.(YI)~

EXPIT=CEXPL.(YII)-

AEP=AE-

AMP=AN-

AE=({.5/EXPI1)®(AEP*EXPIeFP+BE*FM/EXP] )~

BE=.5«EXPIIe(AEP*EXPIeFMeBECFP/EXPI)~
F=ECLII)®G(I)/IEC(I)eG(1I))-

FP=]1,¢F-

FMx].—F-

AM={ .S/EXPII)#(AMPeEXP [eFP+BMeFM/EXPI )~

BM=,.5eEXPIIe(AMPeEXPI¢FMeBMaFP/EXPI )~
WRITE OUTPUT ,F6y{114GI1I),AE,RE,AM,BN)~
CUNT INUE -

TE=1./AE-

TM=1,/AM-

ARG=2.eCCeZ(N)-
Fig. 35(cont. )
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]
87 EXP=COS. (ARG) -« 1+ SIN. (ARG - '
88 RC=EXPeBE/AE- l
89 RM=EXPeR M/ AM-
90 TEM=.ABS.TC- l
91 TMM= . ABS . TM- '
92 REM=.ABS .RE-
93 RMM= . ABS «RM- l
94 FIPDE=—-DR#FATAN2. (. IMAG.TE, «REAL.TE )~
95 FIPDM=-DReFATANZ. (. IMAG.TM, .REAL.TM)- .
96 PRE=DR®FATAN2.( . IMAG.RE,.REALLRE)-
97 PRM=DR®FATAN2. (. IMAG.RM, sREAL RM)~ '
98 WRITE OUTPUT ,Fll-
99 F F11 (//722X9HMAGN I TUDE 3 14X y SHPHASE s 15Xy 4HREAL s 16Xy 4HIMAG/ ) - l
100 WRITE JUTPUT 4FT7, (REM,PRE,RE)-
101 F F7 ({1X»13HTE REFLECTION,6Xy2(F15.845X)92(E15.7,5X) )~ '
102 WRITE DUTPUT 4F8, (TEM,FIPDE,TC)-
103 F F8 (1X, 15HTE TRANSMISSION,4Xy2(F15.845X)2(E15.7,5X)) - .
104 WRITE OUTPUT 4F9, (RMM,PRM,RM)~- '
105 F F9 (1X¢13HTM REFLECTION6Xy2(F15.8,5X)42(E15.7,5X) )~
106 WRITE DUTPUT oF10, (TMM,FIPDM,TM)- I
107 F F10 [1Xs15HTM TRANSMISSION,4X,2(F15.8,5X)s2(EL5.7,5X)) . -
108 PROVIDED (THETA.G.O0.), TRANSFER (SX)- '
109 EQTE=((Loe-REM)/{1.+REM) ) P, 2~
110 EQTM=((1.—RMM)/ (1. 4RMM)) P, 2~ l
11t DQTE=-PRE/720.-
112 DEL=PRM/ .ABS . (PRM) - .
113 DQTM=(PRM-DEL®#180.) /720~
114 WRITE JUTPUT oF12, (EWTE,DGTE,ELTM,DOTM) - '
115 F F17 (750X, LTHEWUIVALENT MEDIUM/ 25Xy 5HEQTE=,F15.8,5X, 5HDLTE =,
m F15.6s5Ke5HIUTME F1548y5Ky5HULT=,F15.8) I
Fig. 35(cont, ) '
1
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116 SX SQR=CSQRTL.(EQTE-SS )~

117 RQTE=(CC-SQR) /(CC+SUR)-

118 PQTE=-720.+DQTE=CC~

119 SQR=CSQRTL.(EQTM-SS)~

120 PQTM=720.20QTMeCC+DEL®*180.-

121 RQTM=(EQTMeCC~SQR)/(EQTMeCC+SQR )~

122 WRITE OUTPUT ,F13,(RQTE,PQTE,RQTM,PUTMI-

123 F F13 {15Xs SHRQTE=92E15.7¢5X ¢ SHPQTE=,E15.7/5X . SHROTM=
126 599 THETA=THETASTH- 12E15.7,5X, SHPQTM=,EL15.7)
125 S100 WRITE OUTPUT ,2-~ -

126 END PROGRAM (FIRST)~

Fig. 35(cont.)
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